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REMARKS 

Claims 1-19 remain active in this application. 
Claims 1-9 have been withdrawn from consideration as 
being non-elected, with traverse, in response to a 
requirement for restriction. The indication of 
allowability of claims 13 - 15 is again noted with 
appreciation. Amendment of the specification has been 
requested in response to a criticism by the Examiner. 
Amendment of claims 10, 13 - 15 and 17 - 19 has been 
requested to improve form and descriptiveness in 
response to criticisms by the Examiner. No new matter 
has been introduced into the application. 

The Examiner has adhered to the requirement for 
restriction and made the requirement final. However, 
the traverse of the requirement presented in the 
previous response is respectfully maintained. It is 
again respectfully submitted that, in describing a 
materially different method, has not shown that the 
structure resulting from such a materially different 
method would be the same as that claimed and thus has 
not demonstrated that the inventions identified by the 
Examiner are distinct. The Examiner has not addressed 
this issue in the impropriety of the requirement in the 
present office action. Therefore, it is respectfully 
requested that a proper requirement for restriction be 
stated on the record or the requirement withdrawn. 

The Examiner has objected to the specification as 
containing an incorrect reference numeral. This 
objection is respectfully traversed as moot in view of 
the amendment requested above which corresponds to 
drawing corrections previously submitted and found 
acceptable. Accordingly, reconsideration and 
withdrawal of this objection are respectfully 
requested. 

Claims 13 - 19 have been rejected under 35 U.S.C. 
§112, second paragraph, due to inadequate antecedent 
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language correspondence. This ground of rejection is 
respectfully traversed as being moot in view of the 
above -requested amendments which adopt the Examiner's 
suggestions. Accordingly, reconsideration and 
withdrawal of this ground of rejection are respectfully 
requested . 

Claims 10 - 12 and 16 - 19 have again been 
rejected under 35 U.S.C. §102 as being anticipated by 
Hachimene et al . This ground of rejection is again 
respectfully traversed for the reasons of record and 
the further reasons detailed in the following remarks. 

It was previously pointed out that Hachimene et 
al . does not attribute the recited function of "shear 
force isolation" to layer 15 at any mention of layer 15 
in the text thereof. In the present action, the 
Examiner relies only on the text of paragraph 170 of 
Hachimene et al . which describes layer 15 only as "an 
insulating film 15 made of, for example, a silicon 
oxide film" (which is used as an etch stop material for 
later removal of layer 14b, as previously pointed out) 
while the Examiner asserts layer 15 to be a "shear 
force isolation layer" . Since Hachimene et al . does 
not similarly refer to that property or function of 
layer 15 but, on the contrary, discloses removal of 
layer 14b to complete the product and, moreover, 
discusses adverse effects if layer 14b is not removed 
(at paragraph 0214, as previously pointed out), clearly 
indicating that no shear stress isolation is obtained 
therefrom, it appears that the Examiner, without so 
stating, is applying an inherency rationale in support 
of this ground of rejection. 

For anticipation to be shown, as the Examiner is 
aware, every recitation of the claim must be answered 
by a evidence contained in a single document, either 
explicitly or through inherency- For a rationale of 
anticipation by inherency, the recited subject matter 
which is not directly disclosed in the document relied 
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upon must necessarily and unavoidably flow from subject 
matter which is, in fact, disclosed in the document 
relied upon. While the shear stress isolation layer 
12, 120 of the present invention is also a dielectric 
oxide layer (formed, however, by high density plasma 
deposition as noted at page 11, lines 10 - 25), not all 
dielectric layers and not even all silicon oxide layers 
can provide stress isolation. Further, any (incorrect) 
inference that dielectric layers are necessarily 
capable of providing shear stress isolation would be an 
exercise in speculative hindsight through an overbroad 
interpretation of the present disclosure and not an 
inherent feature necessarily and unavoidably flowing 
from subject matter actually disclosed by Hachimene et 
al - , particularly in view of the description of the 
stress interaction with stressed layer 14a if stressed 
layer 14b is not removed where it overlies layer 14a, 
even if layer 15 were to be left in place, thus clearly 
indicating that Hachimene et al . did not achieve or 
observe stress isolation from the exemplary silicon 
oxide insulating film disclosed for layer 15 but, on 
the contrary, that Hachimene et al . observed that 
stress isolation was not, in fact, achieved. 

More specifically, and even in regard to only 
silicon oxide materials mentioned by Hachimene et al . , 
it is respectfully brought to the Examiner's attention 
that it is well-known in the art that stresses can be 
carried by silicon oxide and/or to use silicon oxide to 
impart stress to semiconductor structures rather than 
to isolate structures from it. In addition to the 
clear indication that Hachimene et al • does not observe 
or achieve stress isolation with silicon oxide layer 15 
(and, hence, does not provide evidence that a ^^stress 
isolation layer" between stressed layers was known or 
used by others prior to the invention by Applicants) , 
exemplary of such observations of imparting or 
communicating stress through silicon oxide are ''Novel 
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Locally Strained Channel Technique for High Performance 
55nm CMOS" by Ota et al . (IEEE, 2002) and "NMOS Drive 
Current Reduction Caused by Transistor Layout and 
Trench Isolation Induced Stress" by Scott et al . (IEEE, 
1999) , copies of which are attached. These articles 
clear describe the imparting or communicating of stress 
through silicon oxide. Therefore, since stress 
isolation does not necessarily and unavoidably flow 
from the disclosure of silicon oxide in Hachimene et 
al . , particularly in view of the disclosure at 
paragraph 0214 of Hachimene et al . clearly and strongly 
indicating that stress isolation was not observed in 
layer 15, and the attached articles, it is respectfully 
submitted that the Examiner has not made a proper and 
prima facie demonstration of anticipation through 
inherency but has assumed a property (and function) not 
mentioned by Hachimene et al . (contrary to the clear 
implications of paragraph 0214 thereof) through 
speculative hindsight based on an improper 
interpretation of the present disclosure. 

Accordingly, it is respectfully submitted that the 
sole ground of rejection asserted in this application 
is clearly in error and is untenable. Therefore, it is 
respectfully requested that the ground of rejection 
based on Hachimene et al . be reconsidered and 
withdrawn. 

Additionally, it is respectfully submitted that 
entry of the above -requested amendments is well - 
justified. No new issue is or can be raised thereby 
since the amendments are limited to direct responses to 
the Examiner's criticisms in regard to matters of foirm; 
entry of which is explicitly provided for in 3 7 C.F.R. 
§1.116. Moreover, entry is well- justified as placing 
the application in condition for allowance or, in the 
alternative, better form for Appeal by materially 
reducing and simplifying issues. Additionally, the 
finality of the present action is respectfully 
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submitted to be premature and should be withdrawn since 
the Examiner continues to fail to make a proper 
requirement for restriction or other answer to the 
traverse made. Accordingly, entry of the above- 
requested amendments is respectfully submitted to be in 
order. 

Since all rejections, objections and requirements 
contained in the outstanding official action have been 
fully answered and shown to be in error and/or 
inapplicable to the present claims, it is respectfully 
submitted that reconsideration is now in order under 
the provisions of 37 C.F.R. §1.111 (b) and such 
reconsideration is respectfully requested. Upon 
reconsideration, it is also respectfully submitted that 
this application is in condition for allowance and such 
action is therefore respectfully requested. 

If an extension of time is required for this 
response to be considered as being timely filed, a 
conditional petition is hereby made for such extension 
of time. Please charge any deficiencies in fees and 
credit any overpayment of fees to Deposit Account No. 
09-0458 of International Business Machines Corporation 
(East Fishkill) . 
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Abstract 

This paper describes a previously imreported phenomenon 
wherein NMOS transistors of identical gate length exhibit a 
significant sensitivity to layout. Drive current may be 
reduced up to 13%, depending on diffusion overlap of gate. 
Mobility reduction, induced by stress from the trench 
isolation edge, is the root cause of the performance 
degradation. PMOS devices are not affected. Simulation 
results show that stress varies strongly with distance from the 
trench edge, and with overall diffusion size. Stress is also a 
major component of narrow-width effects, and explains why 
Idsat scaling with W differs for NMOS and PMOS devices. 

Introduction 

As CMOS devices continue to be scaled, effects that had once 
been considered secondary are becoming more important. 
The details of device layout, particularly the diffusion overlap 
of gate, have a significant effect on transistor performance. 
NMOS test devices drawn with relatively loose design rules 
may behave quite differently from transistors in an actual 
product, even when physical gate dimensions are the same. 

Stress from the trench isolation edge is the dominant factor 
affecting layout sensitivity. Previous studies have shown that 
stress can affect device worklunction and bandgap (1), carrier 
mobility (2-7), junction leakage (8), and hot-electron lifetime 
(9). Simulation results show that trench-induced stress is of 
the order needed to produce the observed degradation in 
device performance. 

Transistor Data 

Transistors produced with a 0.2 iim process internally and a 
different process at a foundry site displayed noticeable 
sensitivity to transistor layout. As the diffusion size in the 
gate-length direction (L*) was reduced to below 2 |xm, Idsat 
dropped (Fig. 1) by 5-10%. A variety of test structures were 
developed to study layout sensitivity in more detail (Fig. 2): 
0.2 [im transistors with small, medium and wide overlap, and 
wide overlap with asymmetrical gate placement. Medium- 
overlap transistors with different gate lengths were also 
included. Top-down and cross-sectional measurements 
confirmed that the poly dimensions of all 0.2 |ijn devices 
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Fig. 1 Idsat vs. diffusion size in gate-length direction L' (see 
Fig. 2) for foundry and intemal 0.2um NMOS devices. Idsat 
is normalized to 1 for the L'=10um device. 
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Fig 2. Layout of 0.2fun gate length transistors used in 
this study. All transistors were 20fun wide. 

varied by less than 1 0 nm.. 

Mean Idsat of a 0.2 |i.m device was reduced by 7% as L' was 
reduced from medium to small layout, while asymmetric 
layout gave a reduction of 4% (Fig. 3a). The reduction in 
drive current seen with the small overlap corresponds to an 
increase in gate length of 30 nm; this is clearly a significant 
change. The small overlap devices also had a 25 mV increase 
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Fig 3. NMOS Idsat and Vt vs. device layout. The 
degradation in Idsat of a small overlap 0.2uni transistor is 
equivalent to a 30 nm increase in gate length. 
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Fig. 4. Linear Id (Vg-1.8, Vd=0.05V) for different device 
layouts. The degradation in Id linear of a small overlap 
transistor is equivalent to a 50 nm increase in gate length. 
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Fig 5. PMOS Idsat and Vt layout dependence. 


in Vt over the medium overlap device (Fig. 3b), but this Vt 
offset only accounts for a 2% reduction in Idsat. Linear Id 
(Vg=1.8, Vds=0.05V) was even more sensitive then Idsat, 
showing a 13% reduction as L' was reduced from medium to 
small overlap (Fig. 4), indicating that series resistance is not 
the cause of the drive current reduction. Moreover, the 
asymmetric device gave the same current when source and 
drain were reversed, arguing against an effect from silicide 
interfacial resistance. Proximity of the gate to the trench edge 
and overall difrusion size appeared to be the most significant 
factors. In contrast, PMOS devices exhibit little sensitivity to 
layout (Figs. 5a and 5b). 

While the devices with various layouts had the same physical 
gate length, it was possible that Leff differences were leading 
to the drive current variation. However, since Lefr extraction 
algorithms assume that mobility remains constant with 
varying L, we could not rely on them for this analysis. 
Instead, we used DIBL as a measure of the electrical channel 
length. DIBL measurements (Fig. 6) show that a 30nm 
increase in Lem which would be necessary to create the 
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Fig 6. DIBL vs. layout type for NMOS devices. There is 
little difference in DIBL between 0.2um layouts, as opposed 
to Idsat. 
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Fig. 7. Effect of no post-trench anneal on 0.2um NMOS Idsat 
reduction 

observed reduction in drive current, would produce a 
16mVA^ drop in DIBL, while the DIBL offset between small 
and medium overlap devices was less than 4m VA^. This 
indicates that Leff is essentially the same for all transistor 
layouts. 

.The only reasonable explanation for the drive current 
reduction is mobility degradation. Literature data indicates 
that compressive stress in silicon, through the piezoresistive 
effect, causes a reduction in electron mobility, while it has a 
minimal effect on hole mobility (3,4). Therefore, NMOS 
devices will be affected more by trench stress than PMOS, as 
we have observed. To further verify this model, wafers were 
processed without a post-trench-anneal step, which is known 
to increase stress in the silicon. As expected, NMOS devices 



Fig 8. Stress simulation of small and medium overlap 
transistors 
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Fig. 9. Mobility dependence on simulated stress 

processed without the anneal showed even greater sensitivity 
to the transistor layout (Fig. 7). 

The change in Vt between large and small overlap devices 
was greater for high-Vt transistors, which have more boron in 
the channel. This indicates that stress-enhanced diffusion 
(10) is one factor contributing to the Vt offset. 

Simulation Results 

SUPREM simulations show that stress in the diffusion area 
varies strongly with the size of the diffusion, increasing from 
2.4 to 5.7x10^ dyne/cm^ as L' shrinks from 2.4 to 1.2um (Fig. 
8). Further simulations show that the asymmetric layout 
creates a stress of 4.7x1 0' dyne/cm^ under the gate. Plotting 
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Fig. 10. Idsat (|iA/[im) of L=2|iin NMOS devices of various 
widths. The gate overdrive (Vg-Vt) was normalized to 
eliminate the impact of Vt rolloff. 



Fig. 11. Idsat (^lA/ixm) of L=2^ni PMOS devices of various 
widths. The gate overdrive (Vg-Vt) was normalized to 
eliminate the impact of Vt rolloff. 

electron mobility extracted from linear current measurements 
as a function of simulated stress (Fig. 9), we observe 
qualitative agreement with simple calculations based on the 
piezoresistance model. 


Narrow Devices 

Narrow NMOS devices also exhibit Idsat reduction as the 
width is decreased. Fig. 10 is a plot of Idsat vs. device width 
for L=2|Jjn transistors. We chose longer channel devices to 
avoid complications of short-channel effects and velocity 
saturation. Reduction in Idsat is normally modeled by an 
effective-width decrease. However, there is essentially no 
trench encroachment in this case. Moreover, PMOS devices 
are not affected over this range of W (Fig. 11). The same 
stress-dependent mobility phenomenon described above 
appears to be operating here. The highly stressed region near 
the trench edge becomes a greater fraction of the total device 
width as W decreases; stress in the center of the active region 
increases at the same time. 

Summary 

We have shown that mobility reduction due to stress from 
trench isolation makes NMOS drive current highly sensitive 
to transistor layout. Trench stress is also a major component 
of narrow-width effects, and helps to explain why NMOS and 
PMOS devices behave differently as W is scaled. These 
effects will increase as design rules are shrunk for future 
generations. 
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Abstruct 

A novel local strained channel (LSC) MOSFET has 
been fabricated by a stress control technique utilizing a 
strained poly silicon gate electrode. The residual 
compressive stress in arsenic (As) implanted poly silicon is 
induced by high temperature annealing of CVD Si02 cap 
with high tensile stress. On the other hand, boron (B) 
implanted poly silicon is free from stress. As a result, the 
only n-channel region is locally strained by the strained poly 
silicon electrode. The drain current of LSC nFETs is 
improved 15% compared to that of the conventional nFET 
without the degradation of pFET drain current. High 
performance 55nm CMOSFET is realized by simple process 
for LSC-structure. 

Introduction 

As an ultimate solution of CMOSFET scaling limits, 
the improvement of electron and hole mobility has been 
extensively studied by introducing strain in channel region 
[1-3]. Strained silicon devices on SiGe substrate have been 
proposed which uses Si/SiGe lattice mismatch, since the 
biaxial tensile strain improves both electron and hole 
mobility. However, this kind of strained silicon devices has 
many difficulties in manufacturing. On the other hand, local 
mechanical-stress controlled (LMC) MOSFETs' have been 
proposed, which form imiaxially-strained channel by 
utilizing a contanct etch-stop silicon nitride layer as a 
stressor [4-6]. However, uniaxial tensile strain degrades the 
hole mobility, while compressive strain degrades the 
electron mobility [7]. In order not to degrade either of them, 
LMC technique needs additional Ge implantation to remove 
the strain [6]. In this study, a novel locally strained channel 
(LSC) technique is proposed which provides 
tensilely-strained channel only in nFET by forming 
compressively strained polycrystalline Si (poly-Si) gate 
electrodes. Compressive stress of N-gate, which is enhanced 
by cap- annealing process, derives from expansion of 
As-implanted poly-Si. On the other hand, p-channel is not 
strained, because B-implanted poly-Si is hardly expanded. 
We experimentally demonstrate the improvement of 
drivability of nFETs without degrading the drivability of 
pFETs. Finally, we show high performance 55nm 
CMOSFET. 

Experimental 

The fabrication process of LSC MOSFET is illustrated 
in Fig. 1. After implantations for source/drain regions, CVD 


S/D implantation 


UUMUJ 


CVD Si02 Deposition 
& RTA 
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Co Silicide 



i02 Z' 


O CVD Si02 Capping 
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Capping Layer 


^^^^ — ^^^Hi 


^ Co Silicide formation 


Fig. 1 Fabrication process for locally strained channel 
(LSC) transistor. 

SiOj layer was deposited. The temperature of deposition 
should be lower than the phase transition temperature of 
amorphous silicon. Then, rapid thermal annealing was 
carried out at high temperature. After the CVD Si02 layer 
was removed, a Co silicide film was formed according to the 
conventional Co salicide process. 

Results and discussions 

The cross-sectional SEM images of as-etched gate 
electrodes of nFET and pFET are shown in Figs. 2 (a) and 
(b), respectively. Those gate electrodes have flat sidewall 
shape. There is no difference between nFET and pFET 
However, Figs. 2 (c) and (d) show the significant difference 
between full-processed LSC-nFET and pFET Although the 
shape of P-gate hardly changes after fiill process, N-gate 
shows the deformed shape, where the upper half of N-gate 
seems to be compressed. Thus, N-gate has residual stress, 
while P-gate is fi-ee from stress. The detailed mechanism of 
N-gate residual stress generation is as follows; before the 
activation annealing process, the upper half of N-gate is in 
amorphous phase due to the high dose implantation of 
arsenic. The re-crystallization of amorphous region during 
the annealing process leads to Negate expansion and residual 
compressive stress. Furthermore, CVD Si02 cap-annealing 
enhances compressive strain in N-gate, since CVD Si02 is 
highly tensile. Therefore, the strain in N-gate provides high 


0-7803-7463-X/02/$17.00 (C) 2002 IEEE 


tensile stress to the channel region. 

The stress distributions are simulated as shown in 
Figs. 2 (e), (f) and (g). Simulation studies are carried out on 
an assumption that N-gate has uniform stress and P-gate has 
no stress. For simplicity, poly-Si gate electrode is assumed 
to retain the capping layer stress. Figures 2 (e) and (f) show 
the stress distribution of nFET and pFET with CVD SiOi 
cap-annealing. The results show that the channel stress is 
controlled by strained poly-Si gate electrode. Figure 2 (g) 
shows the nFET stress distribution without capping layer. It 
is clearly shown that the channel stress depends upon the 
capping layer thickness. 

Figure 3 shows lon-Ioff characteristics of CMOSFET 
with and without the LSC-process. The drain current of 
short-channel LSC-nFETs is 15% improved compared to 
that of the conventional nFETs, where capping layer has 
been removed after the annealing. The improvement of 
nFET drain current (Idn) is in proportion to capping layer 
thickness as shown in Fig.4. The transconductance (gmmax) 
of nFET increases with an increase in capping layer 
thickness as shown in Fig. 5. This fact means that the 
increase of carrier mobility is the cause of the observed 
enhancement of drain current. The simulated channel stress 
dependence on capping layer exhibits the same tendency, as 
shown in Fig. 6. Figure 7 shows C-V characteristics of 
LSC and conventional nFET. The inversion capacitance of 
LSC-nFET is almost the same as that of conventional nFET. 
Therefore, the increase of Idn is not due to the suppression of 
poly depletion effect by cap-annealing process but due to the 
channel stress applied by strained poly-Si electrode. On the 
other hand, the drain current of pFET is not influenced by 


LSC process, because P-gate has no residual strain. 

The improvement of Idn by LSC process also depends 
upon the gate length as shown in Fig. 8. The improvement of 
Idn is more pronounced for short channel device. This 
improvement is also explained by channel stress simulation 
(Fig. 9). Averaged stress over the channel region in long 
channel transistor is smaller than that in short channel 
transistor, as shown in Fig. 10. As a result, LSC-process is 
very effective for sub-lOOnm short channel FETs. 

By LSC technique, we fabricated 55nm high 
performance CMOSFET with 1.7nm physical oxide 
thickness of gate dielectric. The drain currents at Vcc=1.0V 
are 800 |iA/^m for nFET and 300 |xA/^m for pFET at 
off-current of 20 nA/|Lim as shown in Fig. 13. 

Conclusion 

LSC-process that modulates the channel stress by using 
the stress of poly-Si gate is proposed. The drain current of 
nFET is improved 15% and that of pFET is preserved. The 
fabrication of 55nm CMOSFET with high drain current is 
realized by simple process for LSC-structure. 
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Fig. 2 The cross sectional SEM images and stress distributions of nFET and pFET. (a) as-etched gate electrode of 
nFET, (b) as-etched, pFET, (c) full-processed gate electrode of nFET, (d) full-processed, pFET. 
The simulated stress distributions are shown in (e)nFET with capping layer, (f)pFET with capping layer, (g)nFET 
without capping layer. 
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Fig. 3 lon-Ioff characteristics of (a) nFET and (b) pFET. The drain current of nFET is improved by annealing with capping 
layer while that ofpFET is almost the same. 
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Fig. 4 The dependence of Idn on capping Si02 layer 
thickness. 
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Fig. 5 The dependence of maximum transconductance (gm 
max) on capping Si02 layer. Gm max represents carrier 
mobility because the effective channel length extracted by 
overiap capacitance is constant. 


Fig. 6 The dependence of simulated tensile stress at the 
center of the channel of O.OSumnFET on CVD-Si02 
thickness. Tendencies are similar to Fig. 5. 
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Fig. 7 CV characteristics of nFET with and without capping 
Si02 layer. The inversion capacitance with capping layer is 
almost the same as that without capping layer. 
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Fig. 9 Simulated n-channel averaged stress over 
channel region as a function of gate length. 
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Fig, 8 The dependence of Idn on Lgate are plotted to the left 
axis. The ratio {Idn LSCVIdn conventional) is plotted to the 
right axis. The ratio strongly depends on the gate length. 
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Fig. 10 2Dimensional smilated stress distribution for long 
channel LSC-nFEF. Averaged stress over the channel region in 
long channel transistor is smaller than that in short channel 
transistor (Fig. 2(e)) 
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Fig. 1 1 Id-Vd characteristics of 55nm nFET and pFET. The drain currents at Vcc=1.0Vare 800|xA/um for nFET and 30Q^A/pm 
for pFET at IoflP=20n A/^un. 
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